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@  A  new  delayed  action  electrical  protection  device,  depending  on  an  adjusted  magnitude. 
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This  invention  provides  a  delayed  action  electrical 
protection  device  which  may  be  used  for  example  to  pro- 
tect  electrical  lines  and  equipment  against  disturbances 
such  as  overload  conditions  and  minimum  voltage  con- 
ditions.  An  analogue  signal  denoting  the  particular  con- 
dition  for  which  protection  is  to  be  provided  is  converted 
into  a  digital  signal  which  is  applied  to  a  micro-processor. 
In  the  micro-processor  this  digital  is  compared  with  a 
prescribed  value  or  values  fed  into  the  processor.  The  pro- 
cessor  contains  information  relating  to  characteristic 
curves  which  define  the  time  delay  between  the  detection 
of  a  particular  condition  and  the  production  of  a  tripping 
signal  which  may.  for  example,  be  used  to  interrupt  the 
electrical  circuit  and/or  provide  an  alarm.  The  time  delay 
varies  inversely  with  the  magnitude  of  any  disturbance  and 
may,  for  example,  be  defined  by  the  expression:- 

where  K  is  a  constant;  i  equals  ;  where  I  is  the  measur- 
ad  current  and  In  is  the  prescribed  value. 



This   i n v e n t i o n   e n a b l e s   a  new  e l e c t r i c a l   p r o t e c t i o n   d e v i c e  

to  be  o b t a i n e d ,   which  is  c o n t r o l l e d   by  a  m a g n i t u d e   t h a t   is  a d j u s -  
ted  by  a  t ime  r e l a y   d e p e n d i n g   upon  i t ,   and,  as  w i l l   be  seen   f r o m  

the  e n s u i n g   s p e c i f i c a t i o n   of  the  i n v e n t i o n ,   i t   t a k e s   over  t h e  

f u n c t i o n s   t h a t   are  at  p r e s e n t   p e r f o r m e d   by  d i f f e r e n t   k inds   o f  

p r o t e c t i o n   d e v i c e s ,   and  i t   can  p e r f o r m   same  wi th   an  i n c r e a s e d  

d e g r e e   of  a c c u r a c y ,   w h i l e   i t   f u r t h e r m o r e   combines   them  a l l ,   a n d  

o b v i a t e s   c e r t a i n   e r r o r s   which   up  to  now  had  been  i m p o s s i b l e   t o  

o v e r c o m e .  

F i g u r e   1  is  a  d i a g r a m   of  the  new  p r o t e c t i o n   d e v i c e   c o v e r e d  

by  t h i s   i n v e n t i o n .  

F i g u r e   2  d e p i c t s   a  f a m i l y   of  t h r e e   c h a r a c t e r i s t i c   c u r v e s  

as  o b t a i n e d   by  p l o t t i n g   the  change   over   d e l a y   t ime ,   shown  on  t h e  
v e r t i c a l   a x i s ,   a g a i n s t   a  d e p e n d e n t   m a g n i t u d e   which ,   in  t h i s   c a s e ,  
is  c o m p r i s e d   by  the  r a t i o   b e t w e e n   the  r e a l   c u r r e n t   (I)  f l o w i n g  
in  the  c i r c u i t   to  be  p r o t e c t e d ,   and  the  nomina l   c u r r e n t   ( I  )  
t h e r e o f .  

N o t a t i o n s   as  f o l l o w s   a re   used  in  t h e s e   f i g u r e s :  

1.  T r a n s f o r m e r .  

2.  R e s i s t a n c e .  
3.  Band  pass   f i l t e r .  

4.  Analogue-to-Digitol  converter. 
5.  M i c r o p r o c e s s o r .  
6.  D e s i r e d   nomina l   c u r r e n t   va lue   s e l e c t o r .  
7.  D e s i r e d   a d d i t i o n a l   c o n s t a n t   t ime  v a l u e   s e l e c t o r .  
8.  D e s i r e d   i n s t a n t a n e o u s   t r i p   v a l u e   s e l e c t o r .  
9.  D e s i r e d   watch  t ime  v a l u e   s e l e c t o r .  

10.  D e s i r e d   r e s e t   t ime  v a l u e   s e l e c t o r .  
11.  D e s i r e d   l o c k i n g   t ime  v a l u e   s e l e c t o r .  

106.  Dependen t   t ime  t r i p   o u t p u t   r e l a y .  

108.  I n s t a n t a n e o u s   t r i p   o u t p u t   r e l a y .  
109.  Second  o r d e r   a l a r m   o u t p u t   r e l a y .  



110.  R e s e t   o u t p u t   r e l a y .  
206.  P r e s e t   v a l u e   (6)  t r i p   s i g n a l .  
208.  P r e s e t   v a l u e   (8)  t r i p   s i g n a l .  
209.  P r e s e t   v a l u e   (9)  t r i p   s i g n a l .  
211.  P r e s e t   v a l u e   (11)  t r i p   s i g n a l .  

For  the   sake  of  s i m p l i c i t y   in  the  e x p l a n a t i o n ,   the  i n v e n -  

t i o n   is  f i r s t  d e s c r i b e d   wi th   r e f e r e n c e   to  one  of  the  f u n c t i o n s   i t  

can  p e r f o r m   (which  is  t h a t   c o n c e r n e d   when  i t   b e h a v e s   in  the  s a n e  

way  as  an  o v e r l o a d   r e l a y ) ,   and  t h e r e a f t e r   r e f e r e n c e   w i l l   be  made  

to  the  o t h e r   f u n c t i o n s   i t   e m b o d i e s .  

Up  to  now,  e l e c t r o - m e c h a n i c a l   r e l a y s   of  an  i n d u c t i o n   d i s c  

d e s i g n   have  been  used  as  o v e r l o a d   r e l a y s   for   g e n e r a t i n g   t ime  c h a r -  

a c t e r i s t i c   c u r v e s .   Here  the  i n e r t i a   of  the  d i s c   caused   e r r o r s  
to  a r i s e   when  o b t a i n i n g   such  c u r v e s ,   and  m o r e o v e r   i t   made  t h e  

d i s c   t r a v e l   e x c e s s i v e l y   in  i t s   a n g u l a r   mot ion   when  the  c u r r e n t  
t r a n s f o r m e r   s e c o n d a r y   c u r r e n t   d e s c e n d e d ,   so  t h a t   upon  thus  c o n t -  

inuing  to  r e v o l v e ,   the  d i s c   would  cause   the   t r i p   c i r c u i t   to  e l o s e  

( t h i s   phenomenum  b e i n g   c a l l e d   o v e r - r e a c h ) ,   w h i l e   f u r t h e r m o r e   t h e  
i n e r t i a   thus   p r o d u c e d   would  cause   a  c o n s i d e r a b l e   c o n s u m p t i o n   i n  
the  c u r r e n t   t r a n s f o r m e r s ,   which  made  them  i n c r e a s i n g l y   e x o e n s i v e .  

S u b s e q u e n t l y ,   e l e c t r o n i c   c i r c u i t s   a p p e a r e d ,   which  g e n e r a t e d  
i n v e r t e d   t ime  f u n c t i o n s .   The  r e l a y s   p r o v i d e d   in  e l e c t r o n i c  

c i r c u i t s   of  t h i s   type   have  been  shown  to  have  s u p e r i o r   f e a t u r e s  

to  t h o s e   p o s s e s s e d   by  e l e c t r o - m e c h a n i c a l   r e l a y s ,   and  thus   i m p r o v e  

upon  the  c o n s u m p t i o n   and  o v e r - r e a c h   a s p e c t s ,   w h i l e   f u r t h e r m o r e  

they   p r o v i d e d   an  i m p r o v e m e n t   as  r e g a r d s   r e p e a t i b i l i t y   e r r o r s   w i t h  

r e s p e c t   to  t ime  m e a s u r e m e n t .   However,   the  m a n u f a c t u r e   of  t h e s e  

p i e c e s   of  e q u i p m e n t   is  r e l a t i v e l y   complex ,   b e c a u s e   of  the  s e l e c t i o n  
t h a t   has  to  be  made  of  the  componen t s   which  comply  wi th   the  t i m e  
c h a r a c t e r i s t i c   cu rve   r e q u i r e m e n t s .   These  d i f f i c u l t i e s   were  p a r -  
t i a l l y   overcome  by  i n c o r p o r a t i n g   c i r c u i t s   t h a t   were  based  on  t h e  

use  of  analogue  operotionol  amplifiers,  whose  supply network  possessed  non-linear  feedback 

components,  which  produced  a  non-lineor  transfer  characteristic  in  the  circuit.  Nonetheless, 

such  circuits  involve  complexities  as  regards  obtaining  a  certain  time  characteristic  curve, 

on  the  basis  of  a  given  transfer  characteristic  for  such  circuits.  Moreover,  since  these  circuits 

are  analogue  ones,  they  involve  manufacturing  difficulties,  drifts,  and  the 



need  to  p r e s e t   the   i n p u t   s i g n a l   in  o r d e r   fo r   the   o u t p u t   s i g n a l  

to  be  d i r e c t l y   p r o p o r t i o n a l   to  the  o p e r a t i o n a l   a m p l i f i e r   i n p u t  

s i g n a l   ( t h a t   is   to  say,   the  so  c a l l e d   " o f f s e t "   phenomenum,  e t . c )  .  

The  p r e s e n t   i n v e n t i o n   e n a b l e s   a l l   the   a f o r e m e n t i o n e d   d r a w -  

backs   to  be  o v e r c o m e ,   and  to  t h i s   end,   i t   is  ba sed   upon  the  u s e  

of  a  d i g i t a l   m i c r o - p r o c e s s o r ,   which  a l l o w s   a l l   a d j u s t m e n t   p r o c e -  
d u r e s   d u r i n g   m a n u f a c t u r e   to  be  e l i m i n a t e d ,   and  for   any  kind  o f  

t i m i n g   c h a r a c t e r i s t i c   curve   to  be  o b t a i n e d .  

The  new  d e l a y e d   a c t i o n   p r o t e c t i o n   d e v i c e   d e p e n d i n g   on  a n  

a d j u s t e d   m a g n i t u d e ,   as  may  be  seen   from  F i g u r e   1,  is  c o m p r i s e d  
o f :  

-  A  t r a n s f o r m e r   (1)  for   a d a p t i n g   the   c u r r e n t   in  the   l i n e   i t   i s  

p r o p o s e d   to  p r o t e c t ,   where  s a i d   t r a n s f o r m e r   is  f i t t e d   wi th   a  
number  of  t a p s   to  a l l o w   the  t r a n s f o r m a t i o n   r a t i o   to  be  a d a p t e d .  

-  A  r e s i s t a n c e   (2) ,   w h e r e i n   a  v o l t a g e   p r o p o r t i o n a l   t h e r e t o   a p p e a r s  
w h e n e v e r   a  c u r r e n t   t h a t   is  p r o p o r t i o n a l   to  the  p r i m a r y   c u r r e n t  

c i r c u l a t e s   in  i t .   This   v o l t a g e   is  f i l t e r e d   by  the  band  p a s s  
f i l t e r   (3)  which   r e j e c t s   the   peaks   and  t r o u g h s .  

-  An  analogue-to-digital  converter  (4),  which  turns  the  above  signal  into  a  digital  reading 
for  subsequent  processing.  Such  signal  conversion  may  either  be  accomplished  by  the  use 
of  an  analogue-to-digital  converter,  such  as  that  illustrated  in  Figure  1,  or  by  the  use 
of  an  onalogue-to-digital  converter  (not  illustrated)  which  is  goverened  by  the  processor. 
The  processor  compares  the  signal  it  receives  against  the  preset  values.  Such  preset 
values  ore  predetermined  in  a  digital  form,  either  by  means  of  codified  digital  switches 

provided  for  the  purpose,  or  by  means  of  instructions  transmitted  in  digital  form  from 

outside. 

From  now  onwards,  the  processor  is  in  possession  of  sufficient  data  to  enable 

it  to  take  decisions  to  trip  and  to  calculate  the  times  suitable  for  each  situation. 

There  are  two  different  modes  of  operation  envisaged: 



In  the  f i r s t   mode  of  o p e r a t i o n ,   the  t r i p p i n g   d e l a y   t i m e s  

( ta)   (See  F i g u r e   2)  are   o b t a i n e d   by  d i r e c t   c a l c u l a t i o n   on  t h e  

b a s i s   of  the  e q u a t i o n s   which  d e f i n e   d i f f e r e n t   k i n d s   of  c u r v e .  

Hence,   on  the  a s s u m p t i o n   t h a t   an  e x t r e m e l y   i n v e r s e   cu rve   as  defined 

in  B.S.  1 4 2  h a s   been  c h o s e n   in  the  p r o t e c t i o n ,   the  e q u a t i o n  

d e f i n i n g   the  d e l a y   i s :  

where  i  =  I  I n ;   t h a t   is  to  s ay ,   the   r a t i o   be tween   the  real   I  

v a l u e   which  f lows  t h r o u g h   the  c u r r e n t   t r a n s f o r m e r   (1)  p r i m a r y ,  
and  the  nomina l   In  v a l u e   as  r a t e d   or  p r e s e t   in  the  p r o t e c t i o n   by  
the  se l ec to r   (6);   and  where   K  is  a  c o n s t a n t   c o m p r i s i n g   a n o t h e r   o f  

the   p r e s e t   v a l u e s .   Three   t ime   c u r v e s   are  shown  in  F i g u r e   2,  a n d  

t h e s e   c o r r e s p o n d   to  t h r e e   v a l u e s   of  K =  Kl,  K2  and  K3  r e s p e c t i v e l y .  

In  a  first  step,  the micro-processor  µP  calculates  the value  of  i 

by  means  of  the real  current  and  the  nominal  value.  On  the  other  hand,  and 

as  nas  a l r e a d y   been  m e n t i o n e d ,   c o n s t a n t   K  is  a  p r e s e t   va lue   i n c o r -  

p o r a t e d   i n t o   the  p r o t e c t i o n ,   and  which  d e f i n e s   the  p a r t i c a l a r   t i m i n g  
c h a r a c t e r i s t i c   for   K  =  Kl;  K=  K2;  K=  K3,  e t c . ,   from  among  the  family 

of  c u r v e s .  

T h e r e u p o n ,   by  a p p l y i n g   t h e s e   two  v a l u e s   K  and  i  to  the   B.S.  

e q u a t i o n ,   the   m i c r o - p r o c e s s o r   c a l c u l a t e s   the  t r i p p i n g   d e l a y  
t i m e .   ( t a ) .  

B e a r i n g   in  mind  t h a t   the  r e a l   c u r r e n t   va lue   (I)  d u r i n g   t h e  
d i s t u r b a n c e   w i l l   not   n e c e s s a r i l y   be  c o n s t a n t ,   but  w i l l   r a t h e r  d e v e l o p  

wi th   r e s p e c t   to  the  t i m e ,   the  t r i p p i n g   d e l a y   time  w i l l   n e e d  
to  be  r e c a l c u l a t e d .   M o r e o v e r ,   as  the  p u r p o s e   here   is  to  r i v a l   a  
F e r r a r i   d i s c   sys tem  which   i n t e g r a t e s   v a l u e s   w i th   the  c o u r s e   o f  
t i m e ,   the  same  needs   to  be  done  in  t h i s   c a s e ;   t h a t   is  to  say ,   w h e n  
a  new  v a l u e   of  ta  is   c a l c u l a t e d ,   i t   must   be  i n f l u e n c e d   by  t h e  
" h i s t o r y "   in  the  d i s t u r b a n c e   from  the  t ime  i t   a p p e a r e d ,   or ,   i n  
o t h e r   words ,   the   p r o t e c t i o n   must  be  such  as  to  t ake   a c c o u n t   o f  

the  t ime  e l a p s e d   up  to  the  moment  when  the  r e a l   c u r r e n t   v a l u e   ( I )  
a l t e r s .  



This   c o r r e c t i o n   is  made  in  the  f o l l o w i n g   manner :   at  t h e  

i n s t a n t   when  the  f i r s t   d i s t u r b a n c e   a p p e a r s ,   the  va lue   of  t a l   i s  

c a l c u l a t e d ,   and  the  t ime  b e g i n s   to  be  m e a s u r e d ;   whi le   in  f o l l o w i n g  

t ime  i n t e r v a l s ,   the  m e a s u r e m e n t   goes  on  be ing   a n a l y s e d ,   and  i f  

t h e r e   is  any  v a r i a t i o n   in  such  m e a s u r e m e n t ,   then   the  new  time  i s  
c a l c u l a t e d   as  f o l l o w s :  

w h e r e :  

-  ta2  ( r e m a i n d e r )   d e n o t e s   the  t ime  t h a t   must  e l a p s e   b e f o r e   t r i p -  
p ing   w i th   the  new  i2  r a t i o   t a k e s   p l a c e ,   and  in  which  t ime ,   a c c o u n t  

is  t a k e n   of  the  d i s t u r b a n c e   d e v e l o p m e n t   " h i s t o r y "  

-  T l   is  the   t ime  e l a p s e d   wi th   i l   up  u n t i l   when  the  second  c u r r e n t  

(and  hence  the   i2  ratio)  a p p e a r s ;  

-  tal  d e n o t e s   the  t r i p   d e l a y   t ime  which  would  have  e x i s t e d   in  c a s e  

1,  t h a t   is  to  say,   the   t r i p p i n g   d e l a y   t ime  as  c a l c u l a t e d   on  t h e  

b a s i s   of  i l ;  

-  ta2  is  the  t r i p   d e l a y   t ime  which  would  have  e x i s t e d   in  case   2 ,  
t h a t   is  to  say,   had  i2  been  p r e s e n t   from  the  very   moment  the  d i s -  
t u r b a n c e   a p p e a r e d .  

In  t h i s   manner ,   the   r e a l   o p e r a t i n g   t ime  is  an  integral 
f u n c t i o n   of  the  d i s t u r b a n c e   d e v e l o p m e n t ,   in  the  same  way  as  h a p p e n s  
w i th   the  F e r r a r i   type   e l e c t r o - m e c h a n i c a l   r e l a y .   Once  the  l a s t t a 2  

( r e m a i n d e r )   u p d a t e d   t ime  has  e l a p s e d ,   the  µP  g i v e s   t h e  o r d e r   f o r  
the  o u t p u t   r e l a y   (106)  to  c l o s e .  

In  the  second  mode  of  o p e r a t i o n ,   the   t r i p   d e l a y   t ime  i s  
c a l c u l a t e d   w i th   t a b l e s   i n s t e a d   of  b e i n g   d e t e r m i n e d   by  d i r e c t  
c a l c u l a t i o n .  

To  t h i s   end,  a  p r e - a d j u s t e d   t i m e r   which  i n c r e m e n t s   a t  
f i x e d   i n t e r v a l s   of  t ime ,   is  p l a c e d   in  the  C e n t r a l   P c o c e s s i n g   u n i t ,  

and  t r i p p i n g   of  the  p r o t e c t i o n   t a k e s   p l a c e   when  the  t imer   valde  i s  



e q u a l   to  or  e x c e e d s   a  p r e s c r i b e d   p r e s e t   v a l u e .   This   v a l u e   i s  

o b t a i n e d   by  means  of  a  p r e v i o u s   s t u d y   of  the  cu rve   to  ba  o b t a i n e l ,  

of  the   a d m i s s i b l e   ta  e r r o r s ,   and  of  the  a v a i l a b l e   c a l c u l a t i n g  

s p e e d .  

The  r e q u i r e d   i n t e g r a t i o n ,   t o g e t h e r   w i th   the  o b t a i n m e n t   o f  

the   t r i p p i n g   d e l a y   t i m e s ,   a re   a c h i e v e d   by  v a r y i n g   the   t i m e r   i n c r e -  

ment  m a g n i t u d e s   in proportion  to  the  r a t i o   i  be tween   the  r e a l   c u r r e n t  

and  the   n o m i n a l   c u r r e n t   v a l u e s .  

For  e x a m p l e :  

-  Let  the   t i m e r   p r e s c r i b e d   v a l u e   be  5 , 0 0 0 ;  

-  Let  the   t i m e r   i n t e r v a l   i n c r e m e n t i n g   t ime  be  5  m .  s e c e . ;  
-  Let  1  sec .   be  the  t r i p p i n g   d e l a y   t ime  for   t w i c e   the  n o m i n a l  

c u r r e n t .   This   means  t h a t   when  such  o v e r l o a d i n g   is  m a i n t a i n e d  

c o n s t a n t   t h r o u g h o u t   the   d i s t u r b a n c e ,   the   t i m e r   i n c r e m e n t  

v a l u e   i s  

-  Let  0.5  s econds   be  the   t r i p p i n g   d e l a y   t ime  for   four   t imes   t h e  

nomina l   c u r r e n t .   In  t h i s   ca se   ( a s suming   t h a t   t h i s   o v e r l o a d  

r e m a i n s   c o n s t a n t   t h r o u g h o u t   t h e  w h o l e   d i s t u r b a n c e )   the  t i m e r  

i n c r e m e n t   v a l u e   i s  

The  p r o t e c t i o n   e q u i p m e n t   gauges   the   c u r r e n t ,   and  Einds  a 
v a l u e   t w i c e   as  l a r g e   as  the   n o m i n a l   c u r r e n t ,   and  u s ing   t h i s   v a l u e ,  
i t   r e f e r s   to  the  i n c r e m e n t   t a b l e   where  i t   f i n d s   a  Ac  v a l u e   e q u a l  
to  25,  t h i s   v a l u e   b e i n g   added  to  the   t i m e r   eve ry   5  m . s e c s . ,   a n d  
in  the  e v e n t   of  t h e r e   b e i n g   no  a l t e r a t i o n   to  the   a d j u s t e d   m a g n i t u d a  
i,  the  t i m e r   w i l l   r e a c h   i t s   p r e s c r i b e d   v a l u e   of  5000  a f t e r   200  
i n t e r v a l s   have  e l a p s e d ,   w h e r e u p o n   the  e l a p s e d   t ime  w i l l   be  1  s e c o n d  

Once  the  p r e s c r i b e d   v a l u e   is  r e a c h e d ,   the  µP  g i v e s   the  o r d e r   f o r  
the  o u t p u t   r e l a y   (106)  to  c l o s e .  

Let  i t   now  be  a s sumed   t h a t   the   d i s t u r b a n c e   d e v e l o p s   f o u r -  
f o l d   d u r i n g   the  t ime  c o u n t i n g   p e r i o d .   The  new  m e a s u r e m e n t   w i l l  
t hen   o b t a i n   an  i n c r e m e n t   v a l u e   of  Δc  e q u a l s   50,  t h i s   be ing   t h e  

new  i n c r e m e n t   to  be  added  in  the  t i m e r ;   t h i s   m o r e o v e r   h a v i n g   i n t e -  

g r a t e d   t h a t   t ime   d u r i n g   which   the  d i s t u r b a n c e   r e m a i n e d   at  t w i c e  
the  nomina l   c u r r e n t   v a l u e ,   and  h e n c e f o r t h   the  t i m e r   w i l l   add  a  



s e r i e s   which  is  doub l e   to  what  i t   was  in  the  p r e c e d i n g   c a s e ,   s i n c e  

the  t r i p   d e l a y   t ime  is  now  h a l f   what  it   was  b e f o r e .  

I t   is  to  be  no ted   t h a t   if   at  any  t ime  d u r i n g   the  p r o c e s s ,  
the  r e a l   c u r r e n t   (I)  d rops   below  In,  the  t i m e r   r e t u r n s   to  z e r o  

i m m e d i a t e l y .  

This   sy s t em  r i v a l s   the  e l e c t r o - m e c h a n i c a l   d i s c   type  r e l a y  
i n s o f a r   as  t ime  i n t e g r a t i o n   is  c o n c e r n e d ,   b e c a u s e   the  v a l u e   c e a c h e d  

by  the  t i m e r   w h i l s t   the  d i s t u r b a n c e   has  a  v a l u e   of  i  =   2  Ls  a n d -  

logous   to  the   mo t ion   u n d e r g o n e   by  the  i n d u c t i o n   d i s c   t h r o u g h o u t  
t h a t   t ime ;   and,  when  the  d i s t u r b a n c e   i n c r e a s e s ,   and  wi th   i t   t h e  

t i m e r   Ac  i n c r e m e n t ,   the   i n t e g r a t i o n   p r o c e s s   is  s i m i l a r   to  the  d i s e  

speed  i n c r e a s e .  

The  t i m i n g   c h a r a c t e r i s t i c   cu rve   t hus   o b t a i n e d   is  a  j a g g e d  

a p p r o x i m a t i o n   to  the  d e s i r e d   c u r v e ;   but  n o n e t h e l e s s ,   by  c h o o s i n g  
the  t i m e r   p r e s c r i b e d   v a l u e ,   the  t ime  i n t e r v a l   for   t imer   i n c c e m e n t ,  
and  the  a v e r a g e   c u r r e n t   v a l u e ,   a l l   in  a  s u i t a b l e   manner ,   i t   b e c o m e s  

p o s s i b l e   to  o b t a i n   an  a v e r a g e   whose  e r r o r s   are   very  much  s m a l l e r  

than  t h o s e   n o r m a l l y   o b t a i n e d   in  the  s t a n d a r d s   by  which  t h e s e   c u c v e s  
are   d e f i n e d .  

I t   is   to  be  no t ed   t h a t   the  t i m e r   c h a r a c t e r i s t i c   c u r v e s   may 
be  any  c u r v e ,   and  amongs t   t h e s e   a re   the  ones  o b t a i n e d   on  the  b a s i s  
of  the  t ime  c u r v e s   s p e c i f i e d   under   B.S.  142;  but   here   a  f i x e d ,  
a d d i t i o n a l   and  o p t i o n a l   t ime  is  added  to  the  s a id   curve   d e l a y   t i m e s ,  
t h i s   not   b e i n g   d e p e n d e n t   upon  the  p a r a m e t e r   be ing   gauged  (which  i n  
the  case   h e r e ,   is  the  c u r r e n t ) .   Said  f i x e d ,   a d d i t i o n a l   and  o p t i o n a l  

t ime  c o m p r i s e s   one  of  the  p r e s c r i b e d   v a l u e s   in  a  r e f e r e n c e  

magnitude  to  be  determined  by  (7). 

Up  to  now  an  e x p l a n a t i o n   has  been  g iven   aa  to  the  b e h a v i o u r  
of  the  p r o t e c t i o n ,   by  way  of  a  d e s c r i p t i o n   of  i t s   componen t s   and  i t s  

o p e r a t i o n   when  i t   p e r f o r m s   the  f u n c t i o n   of  an  i n v e r t e d   t ime  o v e r l o a d  

r e l a y ,   but   i t s   f u n c t i o n s   do  not  end  h e r e ,   but  i n s t e a d   the  same  
componen t s   as  above ,   and  s i m u l t a n e o u s l y   t h e r e w i t h ,   may  o p t i o n a l l y  
embody  an  i n s t a n t a n e o u s   t r i p   f e a t u r e ,   o p e r a t i n g   as  from  a  g i v e n  
va lue   of  i,  where  t h i s   v a l u e   is  c o n s i d e r e d   as  the  p r e s c r i b e d   v i a n e .  



and  must  be  d e f i n e d   when  s a i d   f e a t u r e   is  u s e d .   In  t h i s   c a s e ,   t h e  

p r o t e c t i o n   w i l l   behave  l i k e   an  i n s t a n t a n e o u s   o v e r l o a d   p r o t e c t i o n  

r e l a y .   The  p r e s c r i b e d   v a l u e   of  i  is  s e t   upon  the  d e s i r e d   i n s t a n -  

t a n e o u s   t r i p   v a l u e   s e l e c t o r   (8) ,   and  in  t h i s   c a s e ,   the  m i c r o -  

p r o c e s s o r   g i v e s   an  o u t p u t   s i g n a l   which  c l o s e s   the   i n s t a n t a n e o u s  

t r i p   r e l a y   (108)  when  the   p r e s c r i b e d   v a l u e   s e t   on  the   s e l e c t o r  

(8)  is   e x c e e d e d .  

The  p r o t e c t i o n   d e v i c e   may  a l s o   s i m u l t a n e o u s l y   adopt   o t h e c  

f u n c t i o n s   t oo ,   as  for   example   p e r f o r m   a  c o n s t a n t   watch  w h e r e b y  

the  p r o c e s s o r   e n s u r e s   t h a t   the  m a g n i t u d e   to  be  measu red   ( a d j n s t e d  

m a g n i t u d e )   d e v e l o p s   in  the  p r o p e r   d i r e c t i o n ;   o r ,   for   example ,   t o  

e n s u r e   t h a t   the   p r e s e n t   c u r r e n t   (I)  d e s c e n d s   be low  In  b e f o r e   t h e  

end  of  a  p r e d e t e r m i n e d   p e r i o d   of  t ime  as  p r e s e t   on  the  d e s i r e d  

watch   t ime  v a l u e   s e l e c t o r   (9) .   In  the   e v e n t   whe re ,   upon  e x p i r y  
of  such  wa tch   t i m e ,   the   a d j u s t e d   m a g n i t u d e   has  f a i l e d   to  d e v e l o p  
in  the   p r o p e r   d i r e c t i o n ,   the   p r o t e c t i o n   w i l l   c a u s e   che  second  o r d e r  
a l a r m   o u t p u t   r e l a y   (109)  c o n t a c t s   to  t r i p .   In  t h i s   way,  a  w a t c h  
is  k e p t ,   fo r   e x a m p l e ,   to  e n s u r e   t h a t   a f t e r  t h e   p r o t e c t i o n   has  ordered 

the   c i r c u i t   to  t r i p ,   and  where  such  c o n d i t i o n   was  caused   b y  a  
f a u l t   in  the  o p e r a t i o n   of  a  s w i t c h ,   then  such  t r i p p i n g   w i l l   n o t  
t a k e   p l a c e ;   whe reupon   and  by  v i r t u e   of  t h i s  n e w   f u n c t i o n ,   once  i t  
is  c h e c k e d   t h a t   no  t r i p p i n g   has  t a k e n   p l a c e   w i t h i n   the  t ime  a s  

p r e s e t   on  s e l e c t o r   (9) ,   the   s w i t c h   o p e r a t i n g   f a i l u r e   is  d e t e c t e d  
and  t h e r e u p o n   the   a l a r m   is  g i v e n   by  means  of  i t s   o u t p u t   r e l a y  
(109) ,   t h i s   b e i n g   a  second   o r d e r   a l a r m ,   b e c a u s e   i t   d e n o t e s   t h a t   a  
d i s t u r b a n c e   has  t a k e n   p l a c e ,   t h a t   the   p r o t e c t i o n   d e v i c e   o r d e r e d  
a c t i o n   to  be  t a k e n ,   but   t h a t   no  such  a c t i o n   was  t a k e n .  

M o r e o v e r ,   the   p r o t e c t i o n   d e v i c e   c o n s t r u c t e d   in  a c r o r d a n c e  
w i th   t h i s   i n v e n t i o n   may  embody  f u r t h e r   watch  f u n c t i o n s ,   and  in  t h i s  

r e g a r d   t h e r e   is  the   one  whereby   the  p r o c e s s o r   w a t c h e s   the  d e v e l o p -  
ment  of  the   d i s t u r b a n c e ,   and  if   same  d i s a p p e a r s ,   then  the  p r o c e s s o r  
a l l o w s   a  p e r i o d   of  t ime  to  e l a p s e   (as  p r e - e s t a b l i s h e d   on  the  desired 

r e s e t   t ime  v a l u e   s e l e c t o r ) ,   at  the  e x p i r y   of  which ,   the   a d j u s t -  
ment  componen t   (110) ,   c o m p r i s i n g   an  o u t p u t   r e l a y ,   c l o s e s   i t s  
c o n t a c t s   and  r e - e s t a b l i s h e s   the  s e r v i c e ,   in  such  a  manner  t h a t  
t h e r e   is  the  p o s s i b i l i t y   of  an  a u t o m a t i c   s e r v i c e   r e s e t t i n g   f e a t u r e  
which  o p e r a t e s   when  the  d i s t u r b a n c e   c a u s i n g   i t   to  t r i p   at  the  e n t  
of  a  c e r t a i n   l e n g t h   of  t ime ,   has  d i s a p p e a r e d .  



Moreover ,   the  i n v e n t i o n   be ing   d e a l t   wi th   here  may  a l s o  

e n s u r e   t h a t   i f ,   b e f o r e   a  f u r t h e r   p e r i o d   of  t ime  has  e l a p s e d   ( a s  

p r e s e t   on  the  d e s i r e d   l o c k i n g   t ime  v a l u e   s e l e c t o r   (11) ,   and  w h i c h  

may  he re   be  te rmed  " the   l o c k i n g   t i m e " ,   the  d i s t u r b a n c e   was  t o  

r e a p p e a r ,   then  the  service  r e s t o r i n g   f u n c t i o n ,   as  r e f e r r e d   to  i n  

the  p r e c e d i n g   p a r a g r a p h ,   would  become  l o c k e d ,   and  thus   p r e v e n t   oper- 
a t i o n   of  the  r e s e t   o u t p u t   r e l a y   (110) .   In  t h i s   way,  the  r i s k   o f  

"hunting"  is  a v o i d e d ,   t h a t   is  to  say ,   when  the  s e r v i c e   r r e s t o r i n g  
f u n c t i o n   has  o p e r a t e d ,   t h e r e   is  a  r e a p p e a r a n c e   of  the  d i s t u r b m c e  

and  as  a  r e s u l t   t r i p p i n g   r e c u r s ,   whereupon   the  s e r v i c e   r e s t o r i n g  
s e r v i c e   o p e r a t e s   a g a i n ,   and  so  on,  w h e r e w i t h   the  main  sw i t ch   g o e s  
on  o p e n i n g   and  c l o s i n g   c o n t i n u a l l y   due  to  the  r e a l   cause   of  t h e  

d i s t u r b a n c e   not  h a v i n g   been  e l i m i n a t e d .   With  t h i s   f u n c t i o n   a s  
d e s c r i b e d ,   the   i n v e n t i o n   would  ac t   as  a  p r o t e c t i o n   a g a i n s t   successive 

r e c u r r e n c e s   of  the  d i s t u r b a n c e .  

Each  one  of  the  a f o r e m e n t i o n e d   f u n c t i o n s ,   (with  the  e x c e p -  
t i o n   of  the  d e s i r e d   a d d i t i o n a l   c o n s t a n t   t ime  v a l u e   s e l e c t o r   ( 7 ) ,  

c a t e r s   for   m e m o r i z i n g   and  s i g n a l l i n g   of  i t s   o p e r a t i o n   by  means  o f  

l i g h t   e m i t t i n g   d i o d e s   (LED),  which  w i l l   remain   lit until such 

o p e r a t i o n   is  e r a s e d   from  t h e i r   memory,  which  may  e i t h e r   be  a c c o m -  
p l i s h e d   l o c a l l y   (by  means  of  a  p r e s s   b u t t o n ) ,   or  by  means  of  o u t s i d e  

s i g n a l s .  

Hence,  s i g n a l   (206)  shows  t r i p p i n g   at  the  va lue   p r e s c r i b e d  
on  the  d e s i r e d   nomina l   c u r r e n t   v a l u e   s e l e c t o r   ( 6 ) .  

S i g n a l   (208)  shows  t r i p p i n g   at   the  v a l u e   p r e s c r i b e d   on  t h e  
d e s i r e d   i n s t a n t a n e o u s   t r i p   v a l u e   s e l e c t o r   ( 8 ) .  

S i g n a l   (209)  shows  t r i p p i n g   at   the  v a l u e   p r e s c r i b e d   on  t h e  

d e s i r e d   watch  t ime  v a l u e   s e l e c t o r   ( 9 ) .  

S i g n a l   (211)  shows  t r i p p i n g   at   the  v a l u e   p r e s c r i b e d   on  t h e  

d e s i r e d   l o c k i n g   t ime  v a l u e   s e l e c t o r   ( 1 1 ) .  

From  a l l   the  f o r e g o i n g ,   i t   may  be  seen  how,  in  a c c o r d a n c e  
wi th   the  i n v e n t i o n   be ing   d e a l t   w i th   h e r e ,   i t   is  e n v i s a g e d   t h a t  

in  a  s i n g l e   p r o t e c t i o n   d e v i c e ,   and  in  a  combined  manner ,   i t   i s  



p o s s i b l e   to  p e r f o r m   s i m u l t a n e o u s l y   the  f u n c t i o n s   of  an  i n v e r t e d  

t ime  o v e r l o a d   r e l a y ,   an  i n s t a n t a n e o u s   o v e r l o a d   r e l a y ,   a  s w i t c h  

o p e r a t i o n   f a i l u r e   d e t e c t o r ,   or  second  o r d e r   a l a r m ,   and  a  s e r v i c e  

r e s t o r i n g   r e l a y ,   w i t h   p r o t e c t i o n   a g a i n s t   m u l t i p l e   r e c u r r e n c e   o f  

the  d i s t u r b a n c e .  

The  new  e l e c t r i c a l   p r o t e c t i o n   d e v i c e   c o v e r e d   by  t h i s  

i n v e n t i o n   may  o b v i o u s l y   be  used  too  for  the   p u r p o s e   of  per  f o r m i n g  
s o l e l y   one  of  t he   f u n c t i o n s   d e s c r i b e d   above ,   by  means  s i m p l y   o f  

s u p p r e s s i n g   the   o t h e r s .  



1.  A  delayed  action  electrical  protection  device,  characterised  in  that 

it  includes  an  analogue-to-digital  converter  adapted  to  convert  an  input  magnitude 

into  a  digital  signal  which  is  applied  to  a  micro-processor  in  which  is  stored  information 

defining  relationships  between  time  delay  and  magnitude  of  departure  of  the  digital 

signal  from  a  set  value,  said  micro-processor  being  adapted  to  provide  an  output 

tripping  signal  after  a  time  delay  determined  by  said  stored  information  if  said  digital 

signal  departs  from  said  set  value. 

2.  A  protection  device  as  claimed in Claim 1,  charocterised  in  that  the 

information  stored  in  said  micro-processor  defines  a  plurality  of  characteristic  curves, 

relating  time  delay  to  the  ratio  of  said  digital  signal  and  said  set  value. 

3.  A  protection  device  as  claimed  in  Claim  1,  characterised  in  that  the 

information  stored  in  said  micro-processor  is  in  the  form  of  tables  relating  time  delays 

to  ratios  of  said  digital  signal  and  said  set  value. 

4.  A  device  as  claimed  in  any  of  the  preceding  Claims,  characterised 

in  that  the  set  value  is  fed  into  the  micro-processor  by  means  of  a  plurality  of  digital 

switches. 

5.  A  protection  device  as  claimed  in  any  of  Claims  1  to  3,  characterised 

in  that  the  set  value  is  fed  into  the  micro-processor  by  means  of  a  remote  control  or 

transmission  system. 

6.  A  protection  device  as  claimed  in  any  of  the  preceding  Claims, 

characterised  in  that  the  time  delay  is  inversely  proportional  to  the  input  magnitude. 



7.  A  protection  device  as  claimed  in  Claim  6,  characterised  in  that  the  input 

magnitude  is  the  value  of  an  electric  current,  in  that  the  micro-processor  provides  a  

digital  form  of  the  present  current  value  together  with  the  result  of  a  calculation  based  on 

an  inverted  delay  time  curve  using  a  preset  constant,  and  in  that  the  output  signal  is 

applied  to  inverted  time  overload  protection  relay. 

8.  A  protection  device  as  claimed  in  Claim  7,  characterised  in  that  a  

fixed,  additional  and  optional  time,  which  is  not  dependent  on  the  magnitude  being 

measured,  is  added  to  the  delay  time  as  obtained.  from  the  timing  curves,  and  in  that  

such  fixed,  additional  and  optional  time  comprises  one  of  a  plurality  of  prescribed  values 

t o   be  set  in  by  an  appropriate  selector. 

9.  A  protection  device  as  claimed  in  any  of  the  preceding  Claims,  character-  

ised  in  that  means  are  provided  for  entering  an  Instantaneous  tripping  value  into  the 

micro-processor  and  in  that  said  output  tripping  signal  is  produced  immediately  when 

the  digital  signal  corresponds  to  an  input  magnitude  which  exceeds  said  instantaneous 

tripping  value.  

10.  A  protection  device  as  claimed  in  Claim  9,  characterised  in  that  the 

input  magnitude  is  an  electric  current,  and  in  that,  when  the  ratio  between  the  present 

current  and  a  nominal  current  exceeds  a  preset  value,  the  device  operates  as  an  instant- 

aneous  overload  relay. 

11.  A  protection  device  as  claimed  in  any  of  the  preceding  Claims, 

characterised  in  that  after  the  micro-processor  has  provided  the  output  tripping  signal,  it  

will  watch  that  the  input  magnitude  develops  in  the  right  direction  before  the  expiry  of 

a  pre-established  time,  which  is  preset  as  a  prescribed  value,  and  after  the  end  of  which, 

the  micro-processor  orders  an  output  relay  to  close  if  no  such  development  has  taken  place 

in  the  right  direction. 



12.  A  protection  device  as  claimed  in  Claim  11,  characterised  in  that 

the  input  magnitude  is  an  electric  current,  and  in  that  the  device  behaves  like  a 

switch  tripping  failure  detector  or  second  order  alarm. 

13.  A  protection  device  as  claimed  in  any  of  the  preceding  Claims, 

characterised  in  that  after  the  micro-processor  has  provided  the  output  tripping  signal, 

it  watches  the  development  of  the  disturbance  in  the  input  magnitude,  and  once  said 

disturbonce  has  disappeared,  allows  a  predetermined  time  as  set  as  the  preset  value 

on  a  selector  to  elapse,  whereupon  it  orders  an  output  relay  to  close,  thus  allowing 

the  service  to  be  restored,  and  where,  should  the  disturbance  arise  again  in  the  micro- 

processor  before  a  new  predetermined  watching  time  set  as  the  preset  value  on  another 

selector  has  elapsed,  then,  in  addition  to  ordering  the  trip,  it  would  order  the  service 

restoring  relay  to  become  locked,  so  that  in  this  way  the  device  behaves  like  a  service 

restoring  relay  with  protection  against  multiple  recurrences. 

14.  A  protection  device  as  claimed  in  any  of  the  preceding  Claims, 

characterised  in  that  light  emitting  diodes  are  employed  to  signal  the  performance  of 

the  device,  such  diodes  remaining  alight  from  the  time  the  tripping  signal  is  produced 

until  they  are  extinguished  by  means  of  a  local  push  button,  or  by  remote  control. 



15.  A  protection  device  as  claimed  in  any  of  the  preceding  Claims, 

characterised  in  that  it  performs  the  functions  of  an  inverted  time  overload  relay, 

an  instantaneous  overload  relay,  a  switch.operating  failure  detector,  or  second  order 

alarm,  and  a  service  restoring  relay,  with  protection  against  multiple  recurrences. 

16.  A  protection  device  as  claimed  in  Claim  1,  characterised  in  that 

said  micro-processor  calculates  the  delay  time  as  the  ratio  of  a  preset  constant  to  a 

function  of  the  input  magnitude  minus  1 . 

17.  A  protection  device  as  claimed  in  Claim  16,  characterised  in  that  said 

function  is  the  square  of  the  ratio  of  the  input  magnitude  to  the  set  value. 

18.  A  delayed  action  electrical  protection  device,  characterised  in  that 

it  comprises  an  analogue-to-digital  converter  adapted  to  measure  a  signal  denoting 

the  adjusted  magnitude  to  be  watched,  and  of  turning  it  into  digital  information  for 

subsequent  processing,  and  a  micro-processor  for  processing  the  information  which  is 

digitally  in  accordance  with  timing  characteristic  curves  that  relate  the  tripping  delay 

time  to  said  adjusted  magnitude,  and  for  performing  the  digital  comparison  between  the 

prescribed  values  and  the  values  of  the  signals  as  received  from  the  converter,  and 

ordering  tripping  if  there  is  found  to  have  been  a  disturbance  in  the  adjusted  magnitude, 

provided  that  the  delay  time,  that  corresponds  to  the  size  of  the  disturbance,  has  elapsed. 
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